ABSTRACT
Introduction
In recent time the available energy sources like coal, fuel and nuclear are providing various challenges. The reserve of these sources are very limited now. Numerous environmental impacts like global warming, acid rain, ozone layer depletion are causing of various dieses to human being. The cost of these conventional sources is also increasing day by day. There is constant requirement to use such a device for energy generation and other purposes which can be based on nonconventional sources like, solar, water , wind, tidal, biomass and geothermal energy. These energy sources can be used extensively for power generation and can solve all the problems related to environment [1] . Solar energy operated chimney power plant was old technology of power generation but it was not explored commercially. Numerous research were carried out on solar chimney technology by various researchers. In the early years a big tower which was popularly called as smock jack was sketched by Leonardo Da Vinci way back in the year 1500 [2] .The idea of using solar energy was also proposed by Gunther in 1903. He suggested a skirt like structure connected by brick work at bottom and passing hot air at the height of 63.87 m. cylindrical structure [3, 4] .The experimental work on solar chimney was first done in Manzanares Spain in 1981with the help of government of Germany. The tower height was 194.6 m, tower radios was 5.08m and collector radius was 122m.The plant run for nearly three years and had produced power of 50kw. The plant was failure due to improper support provided and was collapsed due heavy wind flow [5, 6] .Z.D. Chen et al. had carried an experimental investigation of a solar chimney model with uniform wall heat flux on a chimney wall with variable chimney gap to height ratio and different heat flux and inclination angles which given the maximum air flow rate at specific angle and specific height to gap ratio [7] .Counter rotating turbines was suggested by F.Denantes et al. for solar chimney power plant. Two counter rotating turbines one with inlet guide wanes and the other without guide vanes were compared to a single runner system. They also demonstrated advantageous operational conditions of counter rotating turbines [8] . Xinping Zhou et al. had performed simulation of pilot solar chimney equipment and also analyzed the chimney height. They obtained power output in steady state for different global solar radiation intensity, collector area and chimney height. The Manzanares prototype was taken as reference. They predicted that optimal chimney height for maximum power output which increases with large collector radius [9, 10] .Jorg Schlaich et al. presents the theory, practical applications and economy of solar updraft towers. They concluded that the thermodynamic efficiency of plant depends on chimney height and as the plant is constructed from easily available material such as concrete and glass and large space requirements, it is possible to construct such plants in desert areas there is always lack of electricity in summer in these areas. [11] . Koonsrisuk et al. had studied and developed theory on constructal solar chimney configuration to increase the power production over the area occupied by the plant. They predicted that the pressure drop at the collector inlet and at the transition section between collector and chimney are negligible and the friction losses in the collector can be neglected when the svelteness of the entire flow architecture is greater than approximately by 6 [12] . Fei Cao et al. had investigated the performance analysis of conventional and sloped solar chimney power plants in China. They also carried economic analysis by using heat transfer model of solar chimney. They also analyzed power generation from solar chimney at different latitudes. The techno economical analysis was performed by selecting Lanzhou, China for case study [13, 14] . Cristiana Maia et al. had performed the theoretical evaluation of the influence of geometric parameters on the behavior of the airflow in solar chimney. They performed an analytical and numerical study of the unsteady air flow inside the solar chimney. The model of solar chimney was developed with operational and geometric configurations different from those found in experimental prototype. From the analysis they concluded that the height and diameter of solar chimney are important physical variables for solar chimney design [15] . Alibakhsh Kasaeian et al. had done simulation and optimization of geometric parameters of solar chimney in Tehran. They presented a fundamental model of fluid flow and plant performance was evaluated with the operational and geometric configurations. It was found that the velocity magnitude can be raised to 4-25 % in different cases considered and also indicated that height and diameter of chimney are the most important physical variables for solar chimney design [16] . Bernardes et al. had analysed heat transfer coefficients applicable to solar chimney power plant collectors. Different methods are provided to calculate the heat fluxes in the collector and their effect on solar chimney performance [17] . Shadi Kalash et al. had done experimental investigation of sloped solar updraft power plant. Glass, air and absorption layer temperature were measured with the help of average monthly recorded values of solar radiation and ambient temperature. The difference between the ambient temperature and chimney inlet temperature was almost same in winter and summer seasons which gives the advantage of using inclined solar collector [18] . Peng-hua Guo et al. had done performance analysis of solar chimney power plant in China. The theoretical model was developed by taking into account the hourly variation of solar radiation. They analyzed the effect of the chimney and collector radii on the power output of solar chimney. The results showed that power output varied as per season [19] .P.J. Cotton et al. had predicted the effect of canopy profile on solar thermal chimney performance. The analytical model was developed to describe the thermodynamics of the collector. A new collector profile with a partially sloped canopy was proposed. It was proposed that, for the ease of construction and reduction of associated costs, canopy can be build in stepped annular flat sections with only a minor loss in performance [20] . Collector is made of glass roof takes hot air produce by the Sun. The glass roof and strike by two types of radiation: diffuse and direct radiation where specific fraction of energy get absorbed some get transmitted and remaining get reflected. These quantities depend upon angle of incidence and glass optical characteristics [21] .
The air enters from bottom surface of the collector which is kept at some distance from ground. This heated air rises due to density difference from inlet to outlet and flow out of chimney due to buoyancy force. When this heated air flows out it passes through the blades of turbine coupled with generator, it harnesses the kinetic energy in the moving air and convert it into electrical energy [22] . As shown in Fig.2 for improving the efficiency of solar chimney packed steel container with water are placed under collector which absorbs heat during day time and during night leave the heat to the collector. In this way continuous working of solar chimney is possible for 24 hours duration a day also which can also improve the efficiency of solar chimney [23] .
Fig. 2. Filled sealed water tube under collector

Experimental setup
The main aim of this experimentation was to test the viability of solar chimney in central region of India. The month of May of summer season which is hottest month in this region was selected for conducting the experimentation so that to get maximum power output from selected size of solar chimney.
Fig. 3. Experimental setup of solar chimney
A small prototype model of solar power plant was made by the assembly of three main parts: collector, chimney and turbine. Collector was made up of glass material and was fabricated in trapezoidal shape with the help of wooden frames to support the glass structure. The diameter of collector was 1.8m. A sheet metal dome was provided at the top of the collector to support chimney in the collector. Collector was provided at suitable height from ground on wooden frame so that hot air can enter from all sides of the collector. Turbine in the form of small blades with 3V D.C generator was mounted at bottom of the collector. A cylindrical chimney of 0.038m diameter and different heights varies from 0.5 m to 2.0 m are used. This cylindrical chimney was properly supported in the collector and sealed with Teflon tape to prevent leakage of hot air from the joint as gas tight joint is required to get maximum output from this plant. The selected input parameters are measured with the help various equipments. Temperature was measured with the help of PT-100 thermocouple. A pyrometer of Lutron make Am-4201with maximum capacity of 25 m/s was used to measure velocity of air flow. Digital thermometer was used to measure surface temperature and inlet air temperature. Air density was measured with the help of Aerometer. The range of this instrument was from 0 to 2 g/cm 3 . The approximate height of instrument was 715 mm and 35 mm in diameter. The experimental setup of solar chimney power plant is shown in Fig. 3 . This setup was placed on top of the building to get maximum power output and to absorb maximum solar radiation from all the directions. To improve the efficiency of this power plant a black coating of paint was provided on the surface of the terrace so as to absorb maximum amount of solar radiation incident on the surface. Mathematical correlations are used to connect I/P and O/P parameters. .
Mathematical modeling
The power output of solar chimney depends on its size as well as outside weather conditions. The input parameters are connected to output parameters with various correlations which are given below.
A) The collector efficiency The steady state collector efficiency is expressed as the ratio of heat output Q to the G times collector area.
Heat output can be expressed as product of mass flow rate, specific heat at constant pressure and rise in air temperature.
Where,
. m denotes the mass flow rate of hot air passing through the solar chimney and can be calculated as
Also, heat balance for collector can be expressed as
From equation (1) and (4), the collector efficiency can also be expressed as The turbine conversion efficiency is the ratio of power output from turbine to energy input rate [23, 24, 25, 26] .
Results and Discussions
For carrying out performance analysis of solar chimney, different heights of cylindrical chimney are selected. Various input parameters such as ambient temperature, inlet to outlet temperature difference, air density and maximum velocity of flow are recorded to compute different output parameters such as mass flow rate, efficiency of collector, efficiency of collector and efficiency of solar chimney are determined. Following graphs are drawn from the recorded readings. A) Variation in total power available in the flow Vs Temp. diff. Variation of total power(w) with temperature difference (ΔT) between collector outlet and inlet is shown in Fig. 4 .It clearly illustrates that the maximum power available increases almost in linear proportion with ΔT, when 2 m high chimney is used. The maximum value of power is computed to be 95.2 w and 85 w with chimney height of 2 m and 1.5 m respectively when ΔT is 10 0 C. Here it is interesting to note that the available power rises steeply from 8.04 w to 21.92 w, when 0.5 m high chimney is replaced with 1.0 m high chimney and further it rises sharply to 85.0 w while using 1.5 m high chimney, but hereafter the rise is very small i.e. only 7.57% (7.2 w) while using 2.0 m high chimney as against the rise of 74.21% (63.08 w) when 1.0m chimney is replaced with 1.5 m high chimney. This fact therefore underlines the concept of optimization of chimney height. B) Variation in total power Ptotal (w) with the density at outlet of collector (ρcoll). It can be seen from the Fig. 5 . that at lower densities the total power available in the flow is higher. This is because of as the density decreases, pressure difference (ΔPtot) increases thereby increasing the draught at the chimney base, which subsequently increases the velocity of flow thereby increasing the total power available in the flow. A wide range of variation is observed in actual power while performing the experimentation throughout the day. Therefore, the trend of actual power produced by the turbine is depicted in the Fig. 7 . The plot reveals that maximum power in the tune of 0.1 w is produced by using 1.5 m high chimney, when the maximum velocity is observed to be 3.1 m/s and also 0.08 w is produced at maximum velocity of 2 m/s by using 1.0 m high chimney. Interesting thing to note over here is that the trend line representing 2.0 m height chimney is producing the power equal to that of 1 m height chimney. The maximum power produced with 2.0 m high chimney is 0.08 w. Fig. 7 . Effect of maximum velocity (Vmax) on actual power developed by the turbine Pwt,act(w).
Conclusion
A small prototype of solar chimney was prepared for testing the viability of solar chimney. Four different heights of chimney; 05m,1.0m,1.5m and 2.0 are selected. The following conclusion are drawn from result and discussions. 1) There is a optimum height for solar chimney. If the height increased beyond this height the power output increases with very less value. The concept of optimization is proved from this experimentation.
2) The total power is strongly correlated to decrease of density because as the density decreases which increase the pressure difference and increases the total power. 3) Total power depends on the higher value of velocity. 4) The actual power developed by the turbine is higher for 1.5m high chimney as compared to 2.0 m high chimney
